Profile and Bragg R values are discussed with respect to different versions of the Rietveld program. The R values calculated from an exemplary neutron diffraction pattern are compared. Results obtained by a modified treatment of background and by a simplified method to decompose an observed pattern into Bragg intensities are presented.
Introduction
The Rietveld method of fitting atomic parameters to the whole diffraction diagram (Rietveld, 1969a) , also known as total pattern fitting, is widely used today for the analysis of powder patterns. The older alternative in powder diffraction work is the two-step method and this is still in use (Rouse & Cooper, 1981; Will, 1989) . In this method, the diffraction diagram is first analyzed to separate the peaks and peak clusters of the pattern into individual reflections (Pawley, 1981; Toraya, 1986; Jansen, SchMer & Will, 1988; Merz, Jansen, Schfifer & Will, 1990; H6ffner, Will & Elf, 1991; Jansen, Peschar & Schenk, 1992) , yielding integrated Bragg intensities, which are then used in the second step for a least-squares refinement analogous to single-crystal work, for example with the program POWLS (Will, 1979; Will, Jansen & SchMer, 1983) .
The atomic parameters and other parameters like lattice constants and temperature factors can be derived in the course of a Rietveld refinement quite reliably and are comparable with the parameters found by the two-step method and in single-crystal work. This is not true, however, for the estimated standard deviations (e.s.d.'s) of the parameters and for the R values, which indicate the agreement between observed and calculated quantities. The discrepancy in the e.s.d.'s has been discussed repeatedly, for example by Haywood & Shirley (1977) , Sakata & Cooper (1979) , Scott (1983) , Prince (1985) and Taylor (1987) . While trying to compare R values, we arrive at discrepancies not only by applying different methods to the same measurement but also by using different versions of the Rietveld program (Jansen, Schfifer & Will, 1989) . The aim of this paper is to (t_) 1994 International Union of Crystallography Printed in Great Britain -all rights reserved explain and quantify the discrepancies in R values obtained with different versions of Rietveld's program.
Since the first publication of the source code T418/419 by Rietveld (1969b) , many authors have modified the code of the program in order to achieve simple operation and universal application. However, this has very often influenced the results, be it intentionally or unintentionally. In some versions, such negative consequences are found only under specific circumstances and applications and very often the authors are unaware of them.
In this paper, we consider two program modifications that we find in some widely used Rietveld versions: the first introduces a more convenient treatment of the background and affects the profile R values, the second simplifies the estimation of 'observed' Bragg intensities, which has consequences for the Bragg R value.
We discuss these effects exemplarily for a neutron diffraction pattern ( Fig. 1 ) that was measured in our institute in the course of a structure refinement of Ba[O(H,D)]Br-2(H,D)20 (Kellersohn, Beckenkamp, Lutz & Jansen, 1991) . In the following, we always used the same model and did not refine any parameter, either structural or instrumental. The only points of interest are the R values given by different program versions. 
Background and profile R values
In all applications of full-pattern refinement, we distinguish two R values: the profile R value, Rp, a true quantity based on the discrepancies between observed and calculated intensity values y, and the Bragg R value, Re, an artificial quantity generated in order to get values similar to the single-crystal or two-step R values. In his original version, Rietveld used a preliminary data-preparation step in which the background in the diagram was separated from the actual diffraction data by putting a polygon through manually marked footing points. The background was then subtracted point by point. The count rates in the original refinement procedure were therefore always 'background cleaned'. In later versions, authors tried to simplify and speed up the calculation, especially by simplifying the background separation by including additional refinement algorithms for the background into the main refinement procedure. This leads to a problem, since those authors keep the original formula for R-value calculation used by Rietveld (Rietveld, 1969a,b; Young, Prince & Sparks, 1982) but use observational data different from Rietveld's original treatment. The profile R value defined by Rietveld is given by Rp = E ly(obs.)/-y(calc.),l/~ ly(obs.)il.
(1) i We treat (1) in Rietveld's interpretation, i.e. y(obs.) and y(calc.) are the step intensities above background. The measured and calculated intensities at step i, still including the background, are defined by y'(obs.)i = y(obs.)i + bi (2) and y'(calc.)i = y(calc.)i + bi,
with the bi the estimated background contributions, t yielding an R value R e given by
With poor counting statistics, meaning the signal-¢ to-noise ratio is low, the two values Rp and Rp can differ significantly (Jansen et al., 1989; Hill & Fischer, 1990 ). The differences calculated in the nominator are equal in (1) 
Discussion of R r
Besides the differences between observed and calculated step intensities, the R values of the profile refinement depend essentially on the absolute number of counts y(obs.)i. This is reasonable when considering only counting statistics and assuming pure Bragg scattering. In practice, however, the observed counts contain a certain amount of background scattering originating from the sample, e.9. incoherent scattering, and the instrument, e.9. detector noise. The background adds to the Bragg scattering but of course is independent of it. Consequently, profile R values calculated by (la)depend on nonstructural effects: the higher the background, the better the profile fit. Thus, it is possible to obtain excellent agreement indices even with a poor diffraction pattern if it is characterized by an unfavourable peak-to-back- A further aspect to be discussed with respect to the profile R values is the total number of data points used for the calculation of the R values, which in recent versions depends on the profile width and the treatment of the background. In Rietveld's original program containing only Gaussian peak profiles, the range around a peak position possibly containing Bragg scattering is related to the full width at half-maximum (FWHM) by a fixed width factor and only step intensities lying in the ranges of + 1.5 times the FWHM are taken into account. The R-value calculations of Figs. 2 and 3 are based on this consideration. Later program versions can also handle peak profiles other than Gaussians, for instance Lorentzians, with broader contributing ranges at smaller FWHMs, and therefore the width factor has been made variable. When the width factor is changed from 1.5 to 3.0, for instance, R r will increase from 19.86 to 20.85% and R'p decrease from 2.06 to 1.99%. When the automatic background-fitting facility of modern program versions is used, all points are included in the refinement and consequently in the R-value calculation (shaded areas in Fig. 1 ). Profile R values based on all data points are calculated in our example to R r = 21.63% and R'p = 1.93%.
Besides the definition of the Rp value according to (1), there are further definitions, which refer to the mathematical procedure of least-squares (LSQ) fits in profile refinements. The function to be minimized in the LSQ routine is 
respectively. A summary of the profile R values obtained for our test example is given in Table 1 , showing the strong effect of the background. In order to avoid unreasonable values and to exclude nonstructural effects, the calculation of profile R values should be performed with the pure Bragg scattering y(obs.);. It should be emphasized, however, that the experimental standard deviations of the observed counts y'(obs.)i depend on both the Bragg scattering and the background.
Bragg R value
From a crystallographic point of view and for a comparison of different methods, the Bragg R value R e is more important than the profile R value. This agreement index is also used in the two-step method. R e is based on integrated intensities according to Re = ~ II(obs.)j-l(calc.)jl/~ II(obs.)~l.
(7) J -j I(obs.) and I(calc.) are the observed and calculated integrated Bragg intensities, respectively. The summation indexj runs over all Bragg reflections. In Rietveld refinements, the values for I(obs.) are not available; also, they are rather meaningless and not necessary for the LSQ procedure because model and observation are compared directly on the basis of step intensities. Nevertheless, all Rietveld programs that we are aware of supply this agreement index. Because of peak overlap and superimposed background, the I(obs.) can only be estimated. This is true for both the Rietveld and the two-step methods. The estimation of integrated overlapping observed intensities in Rietveld's original program is done by decomposition of observed counts y(obs.) and distribution of the shares to different Bragg intensities I(obs.) in the same ratio as the y(calc.) contribute to the corresponding I(calc.) value. Each y(calc.)~ then consists of contributions p(calc.)~ according to y(calc.)i = ~ p(calc.)ij. 
~j ~i [Y(°bs')i/Y(calc')i]p(calc')iJl
A graphic visualization of the 'observed' and calculated intensities that are used for the calculation of R B according to (12) is given in Fig. 5 . For this estimation of I(obs.), it is necessary to store the values p(calc.)i~ in the course of the calculation. Difficulties and discrepancies arise when some programs try to obtain the observed Bragg intensities in a simplified manner. By analyzing the source code of such programs, we found that the evaluation of these 'observed' intensities I'(obs.) is done on the basis of integrated step intensities under the assumption that the relation 13, (j) / k(j) is valid. The summation index k runs over all measured data points that can contribute to the reflection j. When/'(obs.)i is introduced into (7) 6 depicts the areas of ~y'(obs.) and ~y'(calc.), the ratio of which is used in (12a). It is obvious that these ratios tend to become 1 with increasing background and width factors; consequently, R~ tends to become zero. R~ is identical to RB in (12) if and only if the background vanishes, if the reflections do not overlap and, furthermore, if the width factors are identical. The tremendous difference between R n and R~ is shown in Table 2 . There is a factor of 15 involved !
Concluding remarks
If we now come back to the original question concerning the reliability and comparability of R values in Rietveld refinements, we have to conclude:
(1) The profile R values Rp, Rwv and Rex p are of significance with respect to structural refinements only if they are calculated from pure Bragg scattering, i.e. from background-cleaned step intensities.
(2) Bragg R values R B are highly dependent on the procedure in which the 'observed' integrated intensities are estimated during the course of the program. When evaluated on the basis of integrated counts, they are often artifacts and do not have the meaning we know from single-crystal data or from two-step refinements. For comparison with other methods, the definition of Rn of each method must be known.
